The rate of homeownership among African-American households is considerably lower than white households in American urban areas. This paper examines whether racial differences in residential location outcomes are among the factors that contribute to the large racial differences in homeownership rates in major US metropolitan areas. Based on the 1985 metropolitan sample of the American Housing Survey for Philadelphia, the paper does not find any evidence that existing racial differences in residential location in Philadelphia decrease the homeownership rate among African Americans. Rather, the empirical evidence suggests that African-American residential location outcomes are associated with lower than expected racial differences in homeownership. Therefore, after controlling for neighborhood, racial differences in homeownership are larger than originally believed, and the ability of racial differences in endowments to explain homeownership differences is more limited. 
. Introduction
Large racial differences in homeownership have been a source of considerable concern among policy makers because homeownership choice may influence wealth accumulation, labor market outcomes, and even children's educational outcomes. Racial differences in ownership rates may be affected by discrimination (Kain and Quigley, 1972) , and extensive literatures examine the treatment of minorities by real estate broker and mortgage lenders (see, for example, Yinger, 1995; Munnell et al., 1996) . At the same time, homeownership is associated with income and wealth. African-Americans have lower income and wealth than whites on average in the United States and that may also contribute to the racial differences in homeownership.
The role that income and wealth differences play in contributing to racial differences in homeownership is well documented. Wachter and Megbolugbe (1992) and Painter et al. (2001a) examine the influence of racial differences in income on homeownership and the transition to homeownership, respectively. Both find that endowment differences explain a substantial portion of the racial 1 differences. Duca and Rosenthal (1994) and Linneman and Wachter (1989) both find evidence that downpayment constraints have a substantial affect on homeownership and that credit constraints matter more than income in determining 2 homeownership. Moreover, African-American homeownership rates were found to be significantly more responsive to changes in income (Wachter and Megbolugbe, 1992 ) and downpayment constraints (Gyourko et al., 1999) .
In most American metropolitan areas, many minorities are segregated into central cities, and the literature on racial segregation demonstrates that the level of observed segregation cannot be explained by income differences alone (Kain, 1976 (Kain, , 1992 Massey and Denton, 1993; DeRango, 1999) . Gabriel and Rosenthal (1989) examine residential location choice in the Washington D.C. metropolitan area and find considerable evidence that the influences of socio-economic and 3 demographic characteristics on location outcomes differ dramatically by race. Specifically, African-Americans are much less likely to alter their residential location based on changes in these characteristics. Similarly, Waddell (1992) finds for Dallas-Fort Worth that African-Americans are much less likely to suburbanize 4 than whites as their incomes increase.
A reasonable question to ask is whether racial differences in residential location, reflected by the high and persistent level of segregation in American metropolitan areas, also contributes to the large racial differences in U.S. homeownership rates. One hypothesis is that racial differences in residential location may limit the homeownership opportunities of African-Americans to locations with higher equity risk, concentrated poverty, and an associated low value of homeownership. Therefore, racial segregation and housing market discrimination may aggravate racial differences in homeownership rates. On the other hand, equity risk, higher poverty rates, and other negative neighborhood attributes are expected to lower the price of owner-occupied housing. The incidence of homeownership among African-American households may actually increase in poor neighborhoods with low prices since many African-American households face substantial income and 5 down payment constraints in purchasing housing. Moreover, discrimination in the market for owner-occupied housing often involves steering by real estate agents (Turner and Mickelsons, 1992) , and as a result African-Americans that attempt to purchase owner-occupied housing may experience more segregation into poor quality neighborhoods than African-American renters.
No scholarly study has attempted to answer this question. Painter et al. (2001b) , Waddell (1992) , and Gyourko et al. (1997) examine residential location and tenure choice in a single empirical model. Gyourko et al. (1997) find that AfricanAmericans are more likely to own in the central city in a national sample of households. Alternatively, Painter et al. (2001b) find that minority renters who reside in Los Angeles county are more likely to transition to homeownership if they are moving to San Bernardino county as opposed to moving within Los Angeles. However, none of these papers examine whether differences in the attributes of specific residential locations actually influence the homeownership 6 decision.
In this paper, we provide such a test. We adopt a nested multinomial logit framework to estimate the decisions of residential location and tenure choice jointly using the metropolitan sample of the American Housing Survey for Philadelphia in 1985. In this model, tenure choice is modeled such that the homeownership decision is made while considering alternative subsets of residential location options. The resulting estimates are used to conduct policy simulations in order to assess the effect of demographic changes within the population and the effect of changes in residential location options on racial differences in homeownership rates. We do not find any evidence that residential location outcomes lower the rate of homeownership among African-American households in our sample. Rather, the estimates indicate that racial differences in the 1985 homeownership rate for the Philadelphia metropolitan area were limited or mitigated by racial differences in residential location. These findings raise doubts about the findings of previous studies that racial differences in homeownership may be predominantly explained by racial differences in endowments. After controlling for neighborhood, racial differences in homeownership are larger than originally believed, and endowments explain less than half of the larger homeownership differences.
The reader should not attempt to draw conclusions about why AfricanAmerican households are concentrated in apparently lower quality residential locations. One possible conjecture is that African-American households self-sort into poorer and lower quality neighborhoods in order to gain access to affordable owner-occupied housing. Alternative interpretations involving racial discrimination and steering, however, are equally plausible. The steering of African American household's into lower quality neighborhoods where housing price is low would have the same effect as self-sorting. A low price level among the restricted housing alternatives may mitigate downpayment and income constraints and lead to higher homeownership rates. In fact, if steering is more severe in the owner-occupied housing market, African-American owners might be concentrated in poor quality locations even if there were no endowment differences between white and African-American households.
The paper is organized as follows: Section 2 discusses the econometric models to be used in the test. Section 3 describes the data set. Section 4 presents empirical results from estimations and simulations. Section 5 is a brief conclusion.
. Methodology
Three tenure choice models are estimated: Model I, a basic model that controls for household characteristics and is comparable to traditional models, such as Linneman and Wachter (1989) ; Model II, which includes additional controls for the characteristics of each household's residential location, such as percent of households in poverty and percent of African-American, and assumes that decisions on residential location are exogenous to the tenure choice; and Model III, which considers the influence of residential location options on homeownership endogenously based on a nested multinomial logit specification.
While Model I allows us to compare our results with existing literatures, Models II and III are the focus of the paper and are intended to address the question of whether residential location choices contribute to or mitigate racial differences in homeownership. The results of model II in which residential location is assumed to be exogenous offer fairly straightforward interpretations. For example, if exposure to a high poverty rate location lowers homeownership for both whites and African-Americans, the fact that African-Americans reside in locations with higher poverty rates than white households contributes to racial differences in homeownership. However, the interpretation of the results from Model II is quite limited due to the assumption that residential location choice is exogenous in a household's tenure choice decision.
The nested multinomial logit model provides us with a coherent framework to test whether residential location options influence racial differences in homeownership. In Model III, a nested multinomial logit model, the value of specific residential location options depend upon whether a household resides in owneroccupied or rental housing. A household's tenure choice decision is made while accounting for the relative value of the residential location options simultaneously. In other words, we can view the nested decision making process as such that a decision on residential location is made while considering its potential impact on the home ownership decision. The structure of nested multinomial logit model is described below.
.1. A multinomial model of tenure and residential location choice
In the nested multinomial logit, a hierarchy of choices is established. However, at each choice level, an individual has full information on all opportunities that are 7 available at the lower level choices. In this paper, tenure choice is specified as the upper level in the hierarchy, and residential location is the lower level in the 8 hierarchy. The expected utility for a specific outcome may be decomposed into two pieces: one representing the utility arising directly from the tenure choice and the second representing the utility arising from a specific residential location conditional on tenure choice. Individual i's expected utility (V ) may be written as
where t indexes for tenure status such that t5o if owner-occupied housing, or t5r if rental housing; a for owner-occupied housing is the relationship between
The Nested Logit Model, also known as Generalized Extreme Value (GEV) model, is attributed to McFadden (1978) . Train (1986) pointed out that McFadde's GEV model has sometimes been mislabeled as sequential logit, which may mislead the researcher to think that the decision maker makes a sequence of choices, each of which is described by logit. However, the GEV model derived by McFadden assumes that the decision maker makes one choice, namely, one alternative out of the set of all possible outcome combinations.
8 Some existing studies (see Quigley, 1985 , for example) model the housing choice using a hierarchy where community choice is the highest level, neighborhood the next highest, and the character of the housing unit itself including rental or owner-occupied as the lowest level choice. We compare the specification used here to an alternative nesting structure in which residential location is the highest level and tenure choice is the lower level following Borsch-Supan (1987, p. 74) . He suggests choosing the structure that yields the lowest value for the Akaike information Criteria (Amemiya, 1980) , which is 2*(2L 1 k)/N where L is the log-likelihood value for a model, k is the number of parameters including any inclusive values, and N is the sample size. The nesting structure with tenure choice at the top is preferred to the alternative. The detailed results of the test are provided in endnote 16.
household characteristics X and the propensity to reside in owner-occupied housing, a for rental housing is initialized to zero; j is an index representing r residential location; and b is the relationship between the utility associated with a t location and location attributes Z for a given tenure outcome t. Note that the location attributes are interacted with household characteristics allowing the relationship between attributes and utility to vary by those household characteristics.
This empirical model provides a fairly complete description of the choice process and the mechanisms by which residential location choice may directly and indirectly shape the decision to own a home. The utility level associated with specific residential locations is captured by the second term in Eq. (1), and these levels vary across tenure choice and types of households. Differences in the value of specific attributes across tenure enter into the tenure choice equation. For example, some residential locations may be highly desirable to a household if they choose to rent, but less desirable if they choose to own. If such a household derives substantial benefits from homeownership, the household may forego the highly desirable (conditional on renting) location and own in a very different place.
Following McFadden (1978) , the nested multinomial logit can be estimated consistently using a two-stage approach. In the first stage, the lower level choice (i.e., the residential location model) is estimated as a multinomial logit conditional on tenure choice. The representative utility of residential location choice for each individual household is then summarized by an 'inclusive value' (it is also known as 'inclusive utility') calculated based on the conditional estimates from the lower level choice models. In the second stage, the tenure choice model is estimated as a simple logit by adding the inclusive value obtained from the first stage estimation as an additional explanatory variable. Thus, the expected utility offered by the set of residential location options is accounted in the upper level tenure choice estimation.
The inclusive value is calculated as the log of the denominator on the conditional submodel for owner-occupied versus rental housing, such that I 5 it log[o exp [b Z X ] ], where I is the inclusive value, Z represents residential location j t j î attributes, b is a vector of estimated coefficients for residential location attributes during the first state estimation, X represents household characteristics over which coefficients may vary, j indexes for alternatives of residential location choice, t indexes for tenure status, and i indexes for individual household. The first stage residential location model involves choices among quite aggregated alternatives, which is often the case for multinomial choice models. Over aggregation can bias estimation results. Ben-Akiva and Lerman (1985) suggest including measures of alternative size and variation in the level of utility offered within an aggregated alternative. In the case of residential location choice, alternative size might reasonably be captured by the number of owner-occupied or rental housing units located within a spatial alternative.
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The measurement of variation in utility level is a more difficult task. Under an assumption of free mobility across alternatives, differences in the utility level across location should be fully capitalized into land values. If so, no differences in utility level exist for equal agents in alternative locations, and the variation should be zero. On the other hand, utility differences may exist if they are only partially capitalized into land values. In this case, a correlation may exist between housing prices and the utility opportunities offered. Therefore, we use the variation in housing prices across alternatives to proxy for variation in the utility level provided.
.2. Household level control variables
Model I is a standard tenure choice model that controls for detailed household demographic characteristics as well as financial characteristics. The household demographic characteristics include family structure, age and education of the head of household and spouse if present. The household financial characteristics include both family income and the downpayment constraint in housing demand. Unconstrained housing demand as a homeowner is not observed if the household resides in rental housing or the household purchased less housing than desired due to a downpayment constraint. We construct a variable indicating whether a household is expected to face a downpayment constraint based on predicted assets and predicted optimal housing demand. Finally, for a robustness check, an instrument was developed for family income based on the estimation of employment and earnings regressions for each family member. The construction of the downpayment constraint and the family income variables are described in the Appendix. The Appendix also includes all estimations that are used to construct these variables. All coefficient estimates in the tenure choice model are allowed to vary by race.
.3. Location attributes
Models II and III include controls for the attributes of either the household's actual residential location or the residential location options that are available, respectively. The two models will include standard location attributes, such as the racial or income composition of a location or whether the location is located in the central city. In addition, the models will include two constructed variables in order to capture the overall quality or amenity level of each location and the equity risk associated with a location. Both variables are constructed using the estimates from standard house value and rental price models that control for the physical characteristics of the housing unit and location dummy variables. The estimated coefficients on the location dummy variables are price fixed effects. These fixed effects capture the price level after controlling for the physical quantity and quality of the housing unit. This fixed effect captures the market premium offered for Finally, Model III includes a third constructed variable in the first stage residential location choice. A gravity model is estimated and used to construct a measure of job access. The likelihood of choosing a given residential location is expected to decline with job access, but it is assumed that the homeownership 11 choice is not directly influenced by job access. In addition, the importance of job access may depend upon the expected probability of employment for the household head and spouse, and the predicted probabilities of employment are interacted with job access in the residential location model. Appendix A presents a 9 The estimated location fixed effects are essentially hedonic price indices. The concept behind a price index is to measure the price level of housing services associated with a specific location. Hedonic price indices accomplish this by using a regression to control for the contribution of physical characteristics to the sales or rental price of a housing unit. Implicit in this approach is that the spatial variation in the price indices results from the locational amenities offered by each location. See Goodman (1978) .
10 See Tootell (1996) and Ross and Tootell (1999) for other examples where the rent to house price ratios are used to capture equity risk. These papers use the ratio of tract median rent to tract median house price. Such a proxy will suffer from measurement error if the quality and quantity of the housing stock varies between rental and owner-occupied housing. Our equity risk proxy avoids this problem by using a hedonic price estimation to obtain a quality adjusted price of rental and owner-occupied housing. Our proxy, however, may also suffer from measurement error if the spatial distribution of rental and owner-occupied housing varies within each zone and the location quality of owner-occupied housing relative to rental housing varies across the zones.
11 O'Regan and Quigley (1998) also use a gravity model to create a measure of job access. They demonstrate that the gravity model provides results that are very similar to more sophisticated models that explicitly recognize that flows are count variables using a binomial or Poisson distribution. detailed discussion on each of these constructed variables, as well as the estimates that are used to construct these variables.
. Data description
The base sample for this analysis is the 1985 Metropolitan Area (Metro) sample of the American Housing Survey (AHS) for Philadelphia. The Metro sample of the AHS contains detailed housing characteristics and the location of the housing unit down to zones of approximately 100,000 in population. The city of Philadelphia is divided into 13 zones, and the rest of the metropolitan area is divided into 22 additional zones. It also contains information on family structure, family member demographics, and limited labor market variables for each member. The 1985 survey also included a commuting subsection in the survey, which collected the employment location of every employed family member using the same spatial 12 zones that were used to record residential location.
Specifically, the survey data provides information on characteristics of the reference person, characteristics of the reference person's spouse if married, whether the household includes relatives of the reference person, number of 13 individuals in the household by age, family education level, family income, and information to be used to construct the downpayment constraint variable. As discussed earlier, the amenity / price fixed effect and the equity risk proxy are constructed for each zone by using the AHS to estimate separate hedonic price models for owner-occupied house value and monthly rent. These models control for a broad away of housing attributes as well as zone fixed effects.
In addition, the Department of Housing and Urban Development provided a list of 1980 census tracts that comprise each of the Metro sample zones, and this list was modified to account for changes in the census tract definitions between 1980 and 1990. Using this list and the Basic Summary Table Files (STF3) from the 1990 U.S. census, the following variables are generated for each Metro sample zones: percent residents in poverty, percent African-American households, number of owner-occupied and rental properties, and the coefficient of variation for house price and annual rent across all tracts in a zone. The zones were also used to construct a dummy variable for whether the household resided in the central city in 1985. Finally, the 1990 Census Transportation Planning Package 12 The commuting time survey has not been administered as part of the metropolitan sample of the AHS since 1985, and therefore no information on work location, commuting, or mode choice is available for the AHS after that year.
13 If the reference person is married, the family educational attainment is the average of the reference individual and their spouse's educational attainment. These attainment variables are interacted with marital status. This specification outperforms a specification in which the reference person and their spouse's attainment enter separately.
(CTPP) is used to estimate the gravity model for the AHS sample zones in the 14 Philadelphia metropolitan area, see Appendix A. These tables were used to construct average travel time and commuting flows between the AHS sample zones, as well as total residential population and employment within each zone.
For all variables, the names, descriptions, and means by race are shown in Table  1 . In the sample, the racial difference in owner-occupancy is 18 percentage points. Of course, the differences may in part be explained by differences in household characteristics. In the sample, African-Americans have less education, lower marriage rates, lower family income, and are more likely to face a downpayment constraint. Residential location also varies by race as captured by the zone attributes. On average, African-Americans reside in locations with a higher percentage of African-American residents, a higher percentage of residents in poverty, lower overall amenity levels (as captured by lower quality adjusted price 15 levels), and higher equity risk (as captured by lower relative values for owner- 14 Philadelphia is one of the few metropolitan areas sample for the American Housing Survey in which the traffic analysis zones of the 1990 Census Transportation Planning Package are coincident with either census tracts or census block groups. 15 There exists an ongoing debate as to whether housing discrimination is a substantial cause of residential segregation. This debate often hinges on whether African-American households pay more for comparable housing than white households, see Cutler et al. (1999) . It is important to point out that our finding that African-Americans tend to reside in locations with low price levels sheds absolutely no light on this debate. Our housing price estimations only control for the physical characteristics of housing. Therefore, the white and African-American housing in this sample are not comparable because the quality of the neighborhoods may vary dramatically and these quality differences are almost certainly the cause of the price differentials, see Chambers (1992) . occupied housing). In addition, African-Americans are more likely to reside in the 16 central city. Table 2 presents the mean location attributes by race and by whether a household is an owner-occupant. The first two columns represent the mean attributes for white owners and renters, and the third column represents the difference between white owners and renters. The next three columns display the same information for African-American households. On average, white owner occupants reside in locations with lower rates of integration, and lower rates of poverty. In addition, white owners are less likely to reside in the city as compared to white renters. These results are not replicable for the African-American sample. African-American owner occupants reside in locations with higher percent African-American, higher equity risk, and lower amenity levels overall as compared to African-American renters. The last column shows the difference between the third and sixth columns. From the last column we can see that the white owner vs. renter differences and African-American owner vs. renter differences are significantly different from each other for all variables except percent poverty. These results illustrate the importance of considering residential location when examining tenure choice and allowing location to be endogenous. African-Americans reside in locations that have higher poverty rates, lower overall quality as measured by price level, and higher equity risk. These factors are likely to influence both the costs and benefits of owner-occupied housing relative to rental housing. Moreover, homeowners tend to reside in different types of neighborhoods than renters, and these differences vary systematically by race. This finding suggests that residential location is endogenous to the tenure choice and that ignoring this endogeneity may be very problematic in any analysis of racial differences in homeownership. Table 3 presents the estimates from the first stage multinomial logit model which analyzes residential location choice conditional on the tenure choice. Note that the first stage estimates the conditional probability of a residential location choice given the tenure choice and that the coefficients for the first stage models are estimable only up to a scale factor. In addition, these estimates should be interpreted with care because they will suffer from selection bias if location choice is endogenous to tenure choice. The estimates from the first stage logit are used to construct an inclusive value representing the relative utility of owning versus renting for each residential location and individual in the sample. The inclusive value will be added to the second stage tenure model, which will provide consistent estimates for describing household tenure choice.
. Estimation and simulation results

.1. Residential location choice model
The coefficients are presented in four panels based on the following categories: white owners, African-American owners, white renters, and African-American renters. For each panel, the first column contains the estimated level coefficients for the households described by the omitted categories, i.e., single individuals without a high school degree. The second column contains the difference between the coefficients for single and married households, and the third and fourth columns contain the interaction of coefficients for the reference individual being a high school or college graduate, respectively. The last three columns contain the probability of employment and its interaction with marital status for head of household and spouse, respectively.
The rows contain the location attributes. The first two rows include the controls for aggregation bias, i.e., option size (number of units) and variance of option utility (variation in price). No information is available to capture variation in size or utility based on observed characteristics. Therefore these two variables are simply included without interactions. The next five rows include percent households African-American, percent households in poverty, price level conditional on tenure, equity risk, and central city, which are interacted with marital status and education. Finally, the last row contains a gravity-model-based measure of job access, and this measure of job access is interacted with the probability of employment for the reference individual, marital status, and the probability of the reference person's spouse if married.
It is important to remember when interpreting the results in this table that the model includes a control for the amenity level in each zone. This control is based on the location fixed effect from a hedonic price estimation. If a type of household has the average willingness to pay for these unobserved amenity variables and has free access to the metropolitan housing market, there should be no relationship between price level and the desirability of a location because the cost of the unobserved variables simply equals the value placed on them by the household. Moreover, the influence of all other attributes should be interpreted in the context that price level is held constant. For example, if equity risk decreases, the decrease in equity risk must be associated with a change in unobserved amenity variables since price is held constant. In essence, the willingness to pay for other attributes is measured in the willingness to give up quality on the unobserved amenity variables. Moreover, if there are constraints to mobility within the metropolitan area, such as racial discrimination or mortgage redlining, across group location differences may reflect these constraints rather than differences in willingness to pay. This analysis cannot distinguish between across group differences in preferences and such constraints.
For white owners occupants (Panel A), unmarried individuals without a high school education avoid locations with high concentrations of blacks, expensive quality adjusted housing prices, and high equity risk. Other things equal, these individuals will reside in a central city location over a suburban location. On the other hand, married individuals tend to reside in suburban locations. Also, as education level rises, households loose their aversion to locations with high minority concentrations, high price levels and high equity risk. Therefore, households with high education levels are more likely in zones with high amenity levels even after controlling for the higher price levels in those zones. Moreover, high education households are more likely to reside in locations with a high concentration of minorities or high equity risk potentially because they are less willing to sacrifice overall amenity levels in order to avoid locations with these attributes. The exact view of these households towards minority neighborhoods or equity risk is obscured by the fact that high education level households appear to place a higher value on amenities. Employment access increases the likelihood of a household residing in a location, but the role of employment access falls with the probability of employment for single individuals, as well as with the spouse's probability of employment for married couples. Individuals with a high probability of employment may be less likely to sacrifice other features of the location in order to have good job access.
For black households (Panel B), the basic findings are the same except for the effect of percent black. Black households are more likely to reside in locations with a high percentage of minorities, and there is some evidence (significant for high school graduates, but not for college graduate) that the effect actually increases with education. Note that the effect of equity risk for non-high school graduates, the central city effects, and the effect of the spouse's probability of employment are not statistically significant. Naturally, these estimates describe location outcomes and can be interpreted as representing preferences only if African Americans have complete and unconstrained access to all locations within the metropolitan area. If African Americans access to housing is constrained by discrimination and geographic steering, these estimates will represent a composite of African American preferences and the effect of external constraints on location choice.
For white renters (Panel C), unmarried, uneducated whites are less likely to reside in locations with high minority concentrations, high poverty percentage, high price levels, but more likely to reside in central city locations and locations with equity risk. In principle, renters should not care about equity risk, but the reversal of the coefficients on the equity risk variables relative to the owneroccupant results appears reasonable because they may prefer to reside in a location with higher equity risk and the higher amenity variables that are implied when price is held constant. As with white and African-American owners, the likelihood of residing in zones with high amenity levels increases with education level. As a result, the effects for percent black and percent poverty are reversed or at least eroded in size as education level increases. However, renters develop an aversion to equity risk as education increases, but the increase in the value of unobserved amenity variables should imply an increased willingness for renters to accept locations with equity risk. Possibly, households expect to move within the same location. High education households may foresee owning in the future and choose to avoid high equity risk areas.
Black renters (Panel D) are more likely to live in locations with a high percentage of African-American households and less likely to live in locations with equity risk. The standard relationship between education level and the influence of price level occurs for black renters, and there is also a corresponding increase in the likelihood of black renters residing in a location with a high poverty rate. For both black and white renters, employment access appears to make a location more attractive, but as with owners the affect decreases with the probability of unemployment. location logit estimation. In general, results across all three specifications support the key findings of previous research on homeownership, namely that being credit constrained lowers the likelihood of owning, a higher household income increases the likelihood of owning, and the effect of facing a downpayment constraint is larger for minorities.
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.2. Tenure choice model
The first two models are potentially biased. The standard model (Model I) omits location and to the extent that location influences tenure choice the model suffers from omitted variable bias. Model II controls for location, but may be biased in that location is endogenous to tenure choice. In comparing Model I to the consistent estimates offered by Model III, we observe almost no change in the white coefficients on credit constraints and family income. The racial interactions, however, do appear to suffer from omitted variable bias. The interaction coefficient on downpayment constraint appears biased upwards by over 10%. The interaction coefficient on family income is biased upwards by 80% leading to a result that is significant at the 10% level in Model I, but insignificant in Model III. In comparing Model II to Model III, the biases are potentially even more problematic. The biases on the racial interaction are still considerable: approximately 10% for the constraint variable and 50% for family income, and the level coefficients also suffer from substantial bias in this specification. The estimated coefficients on both the constraint and family income variables are biased upwards by about 15%. Clearly, the simple inclusion of controls for actual residential 17 In order to test the nesting structure, we estimate an alternative model in which residential location outcome represents the higher level choice and tenure choice is estimated conditional on location. The tenure choice model for this alternative specification conditions upon location by interacting household characteristics with the five locations attributes: percent African American, percent poverty, central city, price level, and equity risk. The model in the paper had a loglikelihood value of 218,588 and included 141 parameters. The alternative model had a loglikelihood value of 218,537 and included 280 parameters. The Akaike Information Criteria loss function yields 7.546 for the model in the paper and 7.581 for the alternative model. The model in the paper is preferred. 18 The standard errors are estimated using a Monte Carlo simulation approach because the inclusion of the predicted value for being credit constrained and the predicted inclusive value (for model III) may bias the standard errors. Specifically, 5000 samples are drawn from the analysis sample with replacement. The tenure choice model is re-estimated using these samples in order to characterize the distribution of the parameters. location on the right-hand side of a tenure choice model is not an appropriate solution in this context.
In Model II, which includes location attributes as exogenous explanatory variables, the amenity / price index, percent black, and equity risk all reduce the likelihood of owning. For the amenity / price index, African-Americans tend to reside in lower quality locations, which should decrease racial differences in homeownership. However, percent black and equity risk only reduce the likelihood of owning for white households. The sum of the white coefficients and the racial interactions are effectively zero for these two variables. For these two variables, interpretation depends on the point of comparison. If the typical location of white households forms the basis for comparison, the fact that African-American households reside in more integrated locations and in locations with higher equity risk has little effect on racial differences in homeownership. Finally, poverty rate in a location lowers the likelihood of homeownership for African-Americans, but not for whites. Again using the residential location of white households in the sample as a baseline, African-American households are exposed to higher poverty rates, which would tend to increase racial differences in homeownership.
One limitation of Model II is that the residential location is considered as an exogenous choice in the tenure choice decision. Presumably, an optimal tenure choice should be made while fully considering the impact of residential location choice, and vice versa. The nested multinomial model provides a coherent framework to analyze household's tenure choice and residential location choice endogenously. The results for the nested multinomial logit provide strong support of the hypothesis that residential location choices are endogenous to the tenure choice. The coefficient on the inclusive value is positive and significantly different from zero which implies location matters in the owner-occupancy decision. It is also significantly different from one which implies that the complete choice process cannot be modeled as a simple multinomial logit over all combinations of residential location and homeownership options.
However, a statistically significant coefficient on the inclusive value alone may not lead to a conclusion that residential location options influence racial differences in homeownership. Such a conclusion also requires a comparison of the estimated inclusive values across the white and African-American samples. The mean inclusive value for the white sample is 20.556 with a standard error of 0.469, and the mean for the African-American sample is 2.321 with a standard a T-statistics are based on standard errors have been generated through a Monte Carlo simulation approach. b The specification of the first state multinomial logit was modified to also depend upon grades completed rather than educational attainment.
the set of options available in this metropolitan area increase the likelihood of 20 homeownership among African-American households relative to whites. A number of alternative specifications were considered for key household characteristics, and partial results are shown in Table 5 . The constraint variable was constructed either using an alternative discount rate or by using directly estimated coefficients from a model of household assets using the Survey of Consumer Finance. The number of family members with a given relationship to the reference person was used to replace the binary indicator for whether someone of that relationship was present. Years-of-education was used to replace education-21 al attainment. Finally, family income was replaced with an instrumental variable.
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The basic results are robust to these alternative specifications.
.3. Simulation results
In order to assess the magnitude of the effects discussed above, as well as to examine the underlying factors behind these effects, we conduct simulation analyses using the estimated models. First, the base model (model 1) is used to examine the effect of credit constraints on racial differences in homeownership. For the sample, the model predicts a 22 percentage point difference between white and African American homeownership rates. The elimination of credit constraints within the sample drive the racial difference down by 77 percent or down to 5 percentage points. This result is consistent with previous findings by Gyourko et al. (1999) that credit constraints and other endowment differences can explain a very large portion of observed racial differences in homeownership.
For the model in which location is assumed to be exogenous (model 2), the simulations simply examine the effect of altering the residential location attributes experienced by the households in the sample. Table 6 contains simulations based on the model in which residential location is treated as exogenous. As shown in Table 1 , African-Americans in this sample reside in locations that contain a 20 These differences are quite robust to alternative specifications of the residential location model. We estimated many alternative models including models that omit equity risk and / or the amenity / price index, add percent households that are owner-occupants, and finally replace job access with the average commuting time between the head of household's place of work and each possible residential location. The basic results were robust to these alternative specifications. 21 It should be noted that educational attainment enters both the homeownership and the residential location models directly. Therefore, the first stage model is also re-estimated using years of education in order to create a new inclusive value. 22 In this model, the interaction of race and the constraint variable is only significant at the 10 percent level. This modification has little effect on either the white coefficients on the constraint and family income variables, or the coefficient on the inclusive value. However, the interaction between race and family income becomes significant at the 10 percent level, and the racial interactions for the income and constraint variables are jointly significant at the 5 percent level. If family income is not assumed to be exogenous, there is still evidence that the influence of financial resources on homeownership varies by race, but we cannot disentangle the effect of income from the effect of being credit constrained. Table 6 The effect of eliminating racial differences in equilibrium zone attributes on racial differences in homeownership a Tract attributes are adjusted so that the mean tract attributes are the same for both whites and blacks. As a result, these predictions are based on the model that treats location as exogenous and includes location characteristics in the specification. Note that the unadjusted predictions are found in the column labeled white sample for black means adjusted and black sample for white means adjusted, the first and sixth columns, respectively. The predicted racial difference before adjustments is 22.2 percentage points.
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higher percentage of African-American households, contain a higher percentage of households in poverty, have lower neighborhood quality as captured by the amenity / price index, have higher equity risk, and more likely to be in the central city. This simulation eliminates these differences by altering the value of these variables for either the white or minority sample so that the mean values of a location attribute are equal for the white and African-American samples.
The two largest effects in Table 6 arise from the modification of percent households in poverty and the amenity / price index. A decrease in the neighborhood poverty faced by African-Americans to the level faced by white households on average lowers predicted racial differences in homeownership. After controlling for the overall amenity level and racial composition, AfricanAmericans are much less likely than white households to own in neighborhoods with high poverty rates. Since the simulation controls for the amenity / price index, the effect of poverty rates is measured relative to the associated decrease in unobserved neighborhood quality that must occur in order to hold prices constant while poverty rates decline. An adjustment to the amenity / price index appears to work in the opposite direction. When African-Americans face the higher prices for housing that are associated with better neighborhood amenities, racial differences 23 in homeownership rates increase. Table 6 also shows the effect of eliminating average differences for all attributes considered simultaneously. Racial differences in homeownership increase moderately in this simulation.
These results provide mixed evidence of the hypothesis that the residential location of African-American households limits their homeownership opportunities. Using white household residential locations as a baseline, the fact that minorities reside in locations with high poverty rate does appear to limit homeownership opportunities. However, the overall amenity level associated with a location appears to have the opposite effect in that either the lower prices or lower levels of racial discrimination in poorer quality locations increase minority homeownership. These two effects cancel each out when all attribute differences are eliminated. This simulation shows an increase in racial differences in homeownership suggesting that the overall pattern of residential location appears to mitigate homeownership differences, but the size of the effect is much smaller. Table 7 examines the effect of location on homeownership using the estimates from the nested multinomial logit model. The inclusive value represents the value placed on homeownership based on the location opportunities available. The mean inclusive values for the white and African-American sub-samples are 20.556 and 2.321, respectively, indicating that location outcomes increase African-American homeownership relative to white households. In order to quantify this effect, row 1 Table 7 The effect of eliminating differences in the role of location on racial differences in homeownership a The entries in the row entitled conditional inclusive values are adjusted so that the inclusive value means are the same by race across educational and marital status categories so that the influence of location is the same by race after controlling for education and marital status.
b The entries in the rows entitled education level and marital status are based on adjusting the educational attainment or marital status variables, respectively, so that the means are the same by race.
contains the simulated probabilities of homeownership when inclusive values are adjusted so that the mean inclusive value is the same for the white and the African-American samples. This adjustment increases racial differences in homeownership by 17.6 percent. In other words, the residential location outcomes of minority households appear to increase their likelihood of homeownership and as a result mitigate racial differences in homeownership.
This finding raises some questions concerning previous findings that credit constraints can explain the majority of racial differences in homeownership. Existing studies do not consider the fact that minorities tend to purchase homes in different types of locations than whites. If we examine the predicted racial differences while African American household locations were determined in a manner similar to white households, racial differences in the sample increase to 39 percentage points. The elimination of credit constraints within the sample decreases racial differences in homeownership to 22 percentage points. Over half of the racial differences remain. By ignoring residential location, these studies attribute too much importance to racial differences in endowments and potentially understate the extent to which race itself limits access to owner-occupied housing.
In the nested multinomial logit, the racial differences in the inclusive value can arise from two sources: racial differences in the household characteristics that are included in the residential location choice specification, or the variation in location attributes for which the relative value in homeownership varies by race. The location choice model depends on both marital status and educational attainment, and the white and African-American samples differ on these variables. The second row in Table 7 adjusts the inclusive values so that the mean inclusive values are the same by race for each sub-sample, e.g. single and head does not have a high school degree. The basic results are unaffected by this change. Finally, simulations are conducted to examine whether the racial differences in inclusive values can be attributed to racial differences in either marital status or educational attainment in the sample. The last two rows include simulations in which the inclusive value is modified by adjusting the educational attainment and marital status variables in the sample so that the means of these two variables are the same by race. This adjustment does not affect racial differences in homeownership. Therefore, racial differences in educational attainment and marital status cannot explain the results in the first row of this table. There is no evidence that the influence of residential location choice on relative homeownership rates can be explained by differences in educational attainment or marital status.
Rather, racial differences in the pattern of location outcomes appear to be the major factor in mitigating racial differences in homeownership. Table 8 explores the role of location outcomes by examining the affect of possible changes in the location choice set on racial differences in homeownership rates. In these simulations, the location attributes are changed, rather than the characteristics of the white and / or African-American samples. The first four columns examine a ten percent increase in each location attributes. A simple increase in these characteristics does not affect homeownership rates in any substantial way. a The price level is included as a proxy for unobserved location attributes. Separate regressions indicate an empirical relationship between the price level and both percent poverty and equity risk. For example, an increase in percent poverty decreases the price level, and an increase in percent poverty holding price level fixed implies an increase in the quality of unobserved location attributes. The third and sixth rows in the table show the effect of a change in percent poverty or equity risk, respectively, in which the price level is also adjusted to hold unobserved location attributes constant.
The last four columns examine a ten percent reduction in the standard error associated with mean location attributes. Specifically, the value of an attribute in each location is shifted towards the mean value of that attribute across all locations in order to preserve the mean of the attribute but decrease the variation. A reduction in the variation across locations increases racial differences in homeownership for every attribute. The effect for percent African-American households, percent in poverty, and the amenity / price index are on the order of 13 to 15 percentage points and increase racial differences by over 60 percent. A reduction in variation in equity risk has a similar effect, but the effect is smaller possibly due to an interaction between equity risk and the high levels of credit constraints among African-American households. It is important to note that our analysis examines a single market and does not allow us to compare households making choices in the face of alternative sets of options. Rather, these results are based on differences in outcomes across household types. The parameter estimates from the residential location model predict higher relative benefits from homeownership for African Americans in the types of neighborhoods that are eliminated when the variation in attributes is reduced.
The simulations in Table 8 are partial equilibrium in nature. They do not consider the possibility that a metropolitan wide change in one location attribute may influence equilibrium outcomes for a second attribute. While a general equilibrium analysis of this problem is beyond the scope of the paper, one assumption implicit in the partial equilibrium analysis is considered further. The estimations control for the price level of each location through the amenity / price index, and therefore a simulated change in an attribute is conducted holding price level fixed. For example, if a decrease in percent poverty is expected to increase the prices in a given location, these simulations assume that unobserved neighborhood attributes are simultaneously decreased in order to leave the price level unaffected.
The third and sixth rows of Table 8 address this concern. Specifically, the relationship between price level and other location attributes was estimated on the sample of zones using the price fixed effects from the housing price hedonic 24 estimation as the dependent variable. A significant relationship was found for both percent poverty and equity risk. The estimated relationship was used to adjust the price level variable as the percent poverty and equity risk variables were modified. Again in a partial equilibrium framework, simulations with this price level adjustment can be interpreted as the affect of changing one attribute while holding other attributes fixed including unobserved neighborhood quality. The simulations based on this price adjustment yield very similar results to the simulations in which the price level is held constant.
These simulations suggest that racial and income segregation across the metropolitan area plays an important role in creating the observed effects on homeownership. One possible explanation is that African-American households self-sort into poorer and lower quality neighborhoods in order to gain access to affordable owner-occupied housing. Under this possibility, a decrease in the variation across residential location options increases racial differences in homeownership rates possibly because it limits choice hindering the self-sorting of African-Americans. Alternative interpretations involving racial discrimination and steering, however, are equally plausible. The steering of African American household's into lower quality neighborhoods where housing price is low would have the same effect as self-sorting. A low price level among the restricted housing alternatives may mitigate downpayment and income constraints and lead to higher homeownership rates. In fact, if steering is more severe in the owneroccupied housing market, African-American owners might be concentrated in poor quality locations rather than choosing homeownership based on the low price of housing in those locations. In this case, a decrease in variation across locations limits the ability of real estate agents to steer minority homebuyers towards specific types of neighborhoods.
. Summary and conclusions
This study estimates a tenure choice model using the 1985 Philadelphia sample of the American Housing Survey. The tenure choice is examined while allowing the residential location choice to be endogenous and controlling for the residential opportunities available throughout the metropolitan area. The study supports standard results in the literature. Family income and a prediction that the household faces a downpayment constraint are both significant determinants of homeownership, and the downpayment constraint has an especially large effect on African-Americans households' homeownership decision. Our simulations indicate that racial differences in homeownership are reduced by 17 percentage points or by 77 percent when credit constraints are eliminated.
Using the tenure choice model, the study examines whether racial differences in homeownership are explained in part by the high levels of racial segregation observed in American metropolitan areas and / or the concentration of African Americans into areas with high poverty and poor neighborhood amenities. These factors may limit the value of African-American homeownership opportunities, or when faced with the lower prices and potentially lower levels of discrimination associated with these neighborhoods African-Americans may increase homeownership relative to comparable white households in more highly priced and exclusive locations.
The influence of location choice appears to mitigate racial differences in homeownership rates, rather than contribute to these differences. The predicted inclusive value from the nested multinomial logit captures the advantages of homeownership that arise due to the location opportunities available. The average inclusive value for the African-American sample exceeds the value for the white sample, and the elimination of these differences increases racial differences in homeownership rates by 17 percentage points. An important implication of these findings is that previous studies may have overstated the importance of endowment differences. This paper finds that credit constraints can explain 77 percent of racial differences in homeownership using a traditional model, but when homeownership rates are compared while controlling for location, credit constraints explain less than half of the predicted racial differences in homeownership rates.
We also investigated which features of the opportunity set are behind the influence of location outcomes on homeownership differences. A series of simulations were conducted in which the variation in key location attributes was reduced leading to either less racial segregation, less concentration of poverty, and a more even distribution of the overall amenity level or equity risk. In every one of these simulations, the reduction in variation increased racial differences in homeownership rates. While this study only examines outcomes in one metropolitan area and cannot directly estimate the impact of differences in metropolitan structure, these simulations suggest that racial and income segregation across the metropolitan area plays an important role in creating the observed effects on homeownership
The normative aspects of these conclusions are far from clear. These results might be interpreted positively in that residential segregation does not appear to negatively impact the likelihood of homeownership among African Americans. At the same time, the location pattern of African American homeowners should be a source of concern for policymakers. At least in this sample, African American homeowners actually reside in lower quality (as measured by price level) and higher equity risk locations than African American renters. Homeownership is an important wealth accumulation mechanism for American households. However this mechanism may be severely limited if African Americans reside in locations where housing is unlikely to appreciate over time. Moreover, homeownership has been advocated as a mechanism for improving the outcomes of minority youths, but the location pattern of African American homeowners may also negatively impact youths through both access to quality schools and peer group effects.
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A ppendix A. Additional model specifications and estimation results
A.1. Tenure choice specification and the downpayment constraint
The household tenure choice specification follows standard approaches in the literature. As suggested by Englehart (1994) , households may save in order to obtain a down payment, or savings may be depressed if households do not expect 25 to be able to afford to purchase a residence that meets their desires. As a result, the tenure choice model is part of a simultaneous system involving a household's decision to accumulate wealth and latent housing demand. A constraint variable is constructed based on reduced form estimates of each household's available assets and each household's demand for owner-occupied housing if they did not face a down payment constraint.
A constraint dummy variable is set to one if the family's predicted assets available for home purchase exceed a set fraction of the predicted optimal house value. Unconstrained households are defined as households that had at least twenty percent equity in their home at the time of purchase. Using this sample, house value at the time of purchase is estimated as a function of family characteristics, residential location, and years since the purchase. Predicted optimal house value is based on the resulting parameter estimates and the assumption that the number of years since the purchase equals zero, see Goodman and Kawai (1982) for an earlier example of this approach. Predicted assets must equal 23 percent of predicted optimal house value in order to allow for a 20 percent downpayment, as well as closing costs and possible points.
Predicted assets are the sum of predicted housing equity and predicted liquid assets. Housing equity is estimated as a function of family characteristics while correcting for sample selection into homeownership, which is a function of both family characteristics and residential location. Housing equity is predicted for the entire sample of households using the model parameter estimates, and the predicted equity times the probability of homeownership is used as an instrument for housing wealth. The non-labor income estimation discussed earlier depends on variables that describe sources of non-labor income. Predicted incomes from liquid assets are based on the estimated non-labor income model under the assumption that the only sources of income are dividends and interest income. Predicted liquid assets for the entire sample are the predicted non-labor income from dividends or interest times the probability of having income from dividends or interest divided by an typical dividend rate of 0.03. Alternative constraint variables are also considered by raising the return rate to 0.05 to represent a traditional money market account and by using the coefficients from an estimated model of 26 household assets from the 1989 Survey of Consumer Finance.
As described earlier, the constraint variable is based on predicted optimal housing demand and predicted housing equity. Housing equity is calculated based on reported house value for homeowners with no mortgage or with a fixed rate mortgage since the AHS contains interest rates, year of the home purchase, and original mortgage amount. Optimal housing demand is estimated using the purchase price of the housing unit for every homeowner who purchased their home with at least a 20 percent down payment. Both the housing demand and home equity specifications include the same family variables as the tenure choice equation.
The results of these estimations are shown in Table A .1. These results are simply reduced form estimations and are only used to generate instruments for the estimations reported in the body of the paper. Also, note that predicted values used in later estimations do not depend on residential location. Rather, they are based on the sample average of the estimated location fixed effects.
A.2. Instrument for family income
Family labor income may also be endogenous if family members respond to homeownership requirements and opportunities by adjusting labor supply. As a robustness check, an instrument is also developed for family predicted non-labor family income and predicted labor income for each family member. First, an employment equation is estimated for each adult family member where employment depends on individual characteristics, family structure, and residential location fixed effects. For employed family members, labor earnings are estimated as a function of individual characteristics, family structure, and employment location fixed effects, and the estimation is corrected for sample selection bias. Labor earnings are predicted for each family member and weighted by the probability of employment. Both the employment and the labor earnings specification includes many individual characteristics including age with separate intercepts and slopes for each of the following age categories: 16-18, 19-22, 23-55, 55-65 , and 65 and older. The specifications also depend on the presence of other family members for the reference person and the relationship to the reference person for all other family members. The labor earnings specification controls for sample selection bias using the Heckman two-step approach. The results are shown in Table A.2. As discussed above, predicted employment probability and earnings do not depend on employment or residential location.
Non-labor income is generated by assets that may have been accumulated in order to finance the purchase of a home. As a result, this portion of family income is replaced by the predicted amount from a reduced form model of non-labor income. Non-labor income is estimated as a function of family characteristics including residential location fixed effects, and then predicted for each household at the average of the estimated fixed effects. Non-labor income depends on the standard family characteristics in the homeownership equation plus residential location fixed effects. The estimated coefficients are shown in Table A1 .
A.3. Amenity /price indices and a measure of equity risk
Amenity / price indices are constructed for each location and tenure choice by estimating separate hedonic models of housing price for owners and monthly rent for renters using a log-log specification. First, a reduced form housing tenure choice model is estimated depending on family characteristics and residential location. The estimates from the reduced form tenure choice model are used to calculate sample selection terms for the hedonic models. The hedonic models include the physical characteristics of the owner occupied or rental property, as well as residential location fixed effects. where the d 's are the location fixed effects, l is the inverse mills ratio from the sample selection correction, and´is an error term. The amenity / price index in a given location and tenure is the appropriate fixed effect from the housing price or 27 the rent models. The estimated fixed effects are included directly in the residential location (tenure choice) model as a measure of relative housing costs across locations (tenure). These measures provide controls for the overall amenity level in a location because other things equal these attributes should be capitalized into the price of both owner-occupied and rental housing. In addition, the rental and sales price indices are used to construct a measure of equity risk. Equity risk should lower the value of owner-occupied housing relative to rents on similar properties. Equity risk in any location is estimated as the exponential of the rental fixed effect divided by the exponential of the sales fixed effect. Tootell (1996) uses a similar measure of equity risk, median rents divided by median house value, but Tootell's measure does not control for differences in the quality of rental and owneroccupied housing stock in each location.
The specification of the reduced form tenure choice equation includes the same family characteristics as the final tenure choice equation. Both hedonic specifications include number of square feet, number of each type of room, ages, whether unit contains specific features like a garage, porch or fireplace, type of unit, and if a rental property whether utilities are included in the rent (see Table  A .3 for details).
A.4. A measure of job accessibility
The residential location choice model also controls for the location to employment offered by each residential location. A gravity model is estimated using the following specification log[F ] 5 a 1 a log[P ] 1 a log[E ] 1 a log[t ] 1 m (A.2)
where F represents commuting flows, P represents population in location j, E represents employment in location k, t is the commuting time between j and k, and m is an error term. The measure of job access for a given location is a a
E t
A 5O E /t (A.3) j k j k k which may be included in the residential location choice problem as a location attribute.
The 1990 Census Transportation Planning Package (CTPP) is used to estimate the gravity model for the AHS sample zones in the Philadelphia metropolitan area. The number of automobile commuters from one zone to another forms the 
